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The salient features of the clinical history and pathological anat- 
omy of  multiple myeloma are  at  the  present  time  very  generally 
recognized  and  need  not  be  reiterated  in  this  place.  The  finer 
histology, especially the  nature  of the  cells  composing the  tumor, 
is still a matter of discussion.  The variety of opinions existing as 
to  the  nature  of  myeloma cells  is  probably a  result  of  the  infre- 
quency of the condition.  Few observers have had the opportunity 
of  comparing material  from several  cases  similarly hardened  and 
stained.  Case reports are fairly numerous, however, as the disease 
is  not  excessively rare.  Still  it  is  difficult to  judge of the  exact 
relations  of  cells  when  they  can  be  compared  only  from  verbal 
description, aided by some  form of pictorial illustration.  For this 
reason it has seemed to me worth while to compare side by side sec- 
tions  from  several  cases,  especially  as  no  previous  observer  has 
done this. 
Through  the  courtesy of  several  friends  ~ I  have  been  able  to 
study Zenker hardened material  from six cases  of myeloma, some 
of which are reported here  for the first time.  All tissue was  em- 
bedded in paraffin and for general study, sections were stained with 
eosin  and  methylene blue,  phosphotungstic acid  hematoxylin, and 
Mallory's anilin blue connective tissue stain. 
Case I  (H.  M.  S., 2148) was autopsied by me 4~  years after laminectomy. 
This operation was  done by  Dr.  J.  C.  Munro of  Boston, and  the  case then 
reported by Dr. John J. Thomas of Boston (Boston  Med.  and Surg. Jour.,  19Ol, 
CXLV, 367). 
At the time of the operation, December 20, 19oo, the patient, a man of thirty- 
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nine  years,  gave  the  following  history3  About  August  15,  19oo,  he  began  to 
feel  severe  pain  in  the  back  between  the  shoulders.  This  confined  him  to  bed 
for  four  or  five  days  at  this  time  and  since  then  continued  but  in  not  severe 
enough  form to prevent his  being  up  and  about.  In  October  he  began  to-notice 
slight uncertainty  in the use of his  legs; his  feet were numb;  there  was  a  sensa- 
tion  of  tightness  around  his  abdomen;  he  had  slight  disturbance  of  micturition. 
Physical  examination  on  October  I6th  showed  slight  swaying  in  Romberg  posi- 
tion,  superficial  reflexes  absent,  deep  reflexes  normal,  sensation  to  touch  and 
pain  diminished  below  the  level of  the  spine  of the  8th  dorsal  vertebra.  There 
was  a  slight kyphosis  of the spine,  more marked  in the upper  dorsal  region.  On 
November I6th  slight  weakness  of the  leg muscles  was  apparent  but  no  atrophy 
was  present.  The  knee  jerks  were  now  symmetrically  increased  in  activity and 
a  double ankle  clonus was present.  Pain  and  temperature  sensations  were  much 
diminshed  below the  level of the 4th  dorsal  vertebra,  sensation  to  touch  slightly 
decreased.  On  December  I7th  the  gait  was  slightly  spastic-ataxic.  His  legs 
showed  marked  paresis.  Now  a  swelling  of  the  left  5th  rib,  not  tender  on 
pressure,  was  noticed.  On  December  2oth  laminectomy  was  done  by  Dr.  J.  C. 
Munro  and  the  ISt  to  4th  dorsal  laminm  were  removed.  The  medulla  of  the 
spinous  process  and  lamina  of  4th  dorsal  vertebra  was  found  to  consist  of  soft 
reddish  material  which  could  be  traced  to  the  head  of  the  rib  and  body  of  the 
vertebra.  As  much  of this  as  possible  was  curetted  away.  Histological exami- 
nation  showed  it to be myeloma. 
Urinary  examinations  in  December  and  subsequently  showed  the  constant 
presence of Bence Jones'  albumose. 
After  operation  the  patient  developed  complete  paraplegia  with  retention  of 
urine  but  this  gradually  improved  and  the  wound  healed  well.  On  January  5, 
19Ol, all movements of legs and  feet could be performed normally and  with good 
strength  and  there  was  marked  improvement  in  sensations.  After  leaving  the 
hospital  the  lump  on  the  left  rib  became  larger  and  then  diminished  in  size; 
occasionally it was painful  and tender  and  in March  distinct  crepitance  could be 
elicited over it.  During  May  a  well marked  swelling along the left 6th  and  7th 
ribs  was noted.  The  tenth  dorsal  spine  was  tender,  and  the  spinal  column was 
held  rigid.  At this  time  the patient  moved only with difficulty though  he  could 
stand  without  support. 
March 6,  I9O5, Dr.  Thomas  made the  following note.  Patient has been up and 
about most of the time.  There  have been occasional transient  periods  of tender- 
ness  over rib  or vertebra.  About  Christmas  time  he  had  an  attack  of  vomiting 
and  diarrhea  after  eating fish.  After this he was  much  weaker.  Recently there 
has been pain and tenderness  over the right acromion and numbness  on the ulnar 
side  of the  right  arm.  There  is  a  kyphosis  of the upper  thoracic  region of  IiO  ° 
to  12o °  and  considerable  limitation  of  motion  of  the  head.  There  are  several 
swellings over  ribs,  but  these  are not tender. 
Soon  after  this  the  patient  had  an  attack  of  pneumonia,  and  died  March 
14,  19o5. 
Autopsy  at  Quincy,  Mass.,  12  hours  post  mortem.  A  well  developed,  fairly 
well nourished  man,  155  cm.  long.  Moderate  degree  of  rigor  morris  is  present 
• This  part  of  the  clinical  history  was  abstracted  from  the  paper  of  Thomas 
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and  there  is  slight  livor of  dependent  parts.  Cutaneous  surfaces  are  pale,  not 
jaundiced.  Over the  dorsal  vertebrae near the median line, high up,  is  a  scar  of 
an  old  operation  wound.  In  the  right  deltoid  region  there  is  a  slight  swelling 
having a  somewhat  soft  feel.  In  the  right  anterior  axillary  line  an  irregularity 
can  be  felt in  the  7th  rib  (old  fracture).  No  very  definite  nodules  can  be  felt 
in the ribs or sternum. 
The  dome of the diaphragm  reaches  to the 4th  intercostal  space on each side. 
The  muscles  of  thorax  are  pale  red,  firm,  and  moderately  developed.  Left 
pleural  cavity  contains  about  300  c.c.  of  a  slightly  turbid,  yellowish  fluid  in 
which  float numezous  large  flocculi of  fibrin.  The  right  is  free  from  fluid  and 
adhesions.  Pericardial  cavity contains  about  75  c.c.  of  clear  straw-yellow  fluid. 
Serous  surfaces  smooth  and  glistening. 
The  heart  appears  slightly  larger  than  normal  for  a  man  of  this  size.  It 
contains chicken fat and cruor clots; not distended.  Pericardium  normal.  Myo- 
cardium  firm,  pale  red,  appears  normal.  Valves  normal.  Endocardium  shows 
here  and  there  a  small  area  of  increased  opacity,  otherwise  normal.  Coronaries 
normal. 
The  surface of the left lung is  extensively covered with  a  thick  shaggy  layer 
of  easily  removed,  grayish  fibrin.  Lower  lobe  is  solid,  fabby,  and  dark  red  in 
color.  Upper  lobe  is  more  voluminous,  paler,  especially  anteriorly  and  every- 
where  air containing.  On section  lower lobe is  red, slightly moist, finely granular 
and  solidified;  upper  lobe is cedematous,  and  much  fluid containing fine  air bub- 
bles  escapes  from its cut surface.  This  oedematous  condition  is  most  marked  in 
lower part  of  lobe,  and  is  scarcely  present  along  anterior  border. 
Right  lung  has  a  smooth  glistening  surface,  is  fairly  voluminous  and  air- 
containing  for  the  most  part.  Posterior  parts  are  much  darker  red  than  the 
anterior.  In  the  upper  lobe  near  its  center  can  be  felt  an  ill-defined,  irregular 
area of consolidation about  3  cm.  in greatest  diameter.  No  consolidation  in  the 
middle  and  lower lobes.  On  section  the  upper  lobe  is  grayish  pink,  oedematous 
and  in  the center  irregularly consolidated.  In  this  latter part  the  color is  light 
gray,  slightly granular.  The  cut  surface  of  the  lobe  is  dark  red,  smooth,  quite 
dry,  and  from  it can  be  squeezed  a  considerable  amount  of  dark  blood.  Lungs 
throughout  show  moderate  anthracosis.  Bronchi  contain  a  considerable  amount 
of muco-pus; their mucous membrane  is slightly congested.  Peribronchial  lymph 
nodes are slightly enlarged. 
Abdominal panniculus  adiposus  is about 2  cm. thick.  Peritoneal cavity is free 
from  fluid,  surfaces  smooth  and  glistening.  Vermiform  appendix  lies  in  the 
right iliac fossa  curled on  itself behind  coecum, and  in part  lies extraperitoneal. 
There  are  no  adhesions  about  it.  Mesenteric  and  retroperitoneal  lymph  nodes 
are not enlarged. 
Spleen, wt. 21o gms.,  is pale,  grayish  red,  soft and  flabby,  tearing  easily as  it 
is  removed.  On  section  it  is  almost  diffiuent,  light  grayish  brown,  with  mark- 
ings indistinguishable.  Stomach contains aconsiderable  amount  of fluid.  Mucosa 
is  normal.  Intestines  contain  very  little  material.  They  are  quite  friable  but 
show  no lesions.  Pancreas  is  firm;  appears  normal. 
Liver  is  distinctly  tough,  and  is  somewhat  enlarged.  Color  brown;  surface 
smooth.  Here  and  there  are  irregular  areas  of  marked  pallor  extending  a 
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except  for  these  is  uniformly  brown  and  markings  are  very  indistinct.  Gall 
bladder is filled with bile; no calculi. 
Kidneys,  wt.  28o  gms.,  capsule  strips  readily  from  a  smooth  surface.  Cortex 
measures  5 ram.  in average thickness.  Cut surface  is very pale gray and opaque. 
Here  and there in the cortex  are  small foci  of congestion.  Scattered  irregularly 
in  the  cortex  are  small  pin  point  areas  of  an  opaque,  almost  white,  color. 
Glomeruli are  just  visible.  Striations  of  pyramids  indistinct.  No  amyloid  reac- 
tion  with  Lugol's  solution. 
Adrenal  glands  normal.  Bladder  normal.  Prostate  not  enlarged.  Testes 
normal. 
Aorta  normal.  No  tumor  nodules  found  in  abdominal  or  thoracic  viscera. 
Sternum  anteriorly presents  no  abnormalities.  Posteriorly the mid-portion  of 
the  manubrium  shows  a  slight  swelling  of  rounded  contour  the  center  of  which 
is  distinctly  soft.  Here  a  knife  cuts  readily  through  thin bone  into  a  very  soft 
dark  red tissue in which very few  spicules  of bone can be detected.  Other parts 
of  sternum present no nodules or soft areas. 
Right  7th  rib  shows  on  external  surface  the  line  of  a  healed  fracture  with 
imperfect  apposition  of  ends.  On  pleural  surface  the  right  3rd  and  5th  ribs 
near  the  anterior  axillary  line  present  distinct  swellings,  soft  to  touch,  covered 
by  a  smooth  pleura  containing  small  injected  vessels.  On  pleural  side  of  6th 
rib there is  a  pale  irregular bony exostosis  suggesting point of old  fracture.  On 
left  side  in  same  general  region  the  3rd,  4th,  5th,  and  6th  ribs  show  similar 
soft  nodules,  and  on  the  8th .there  is  a  small  bony  spine  approximately  5  mm. 
in length.  A  rib with  soft nodules  was  removed  from  each  side.  A  description 
of these  will  suffice  as  other  soft  nodules  incised  in  situ  showed  little variation. 
The  rib  was  split  for  its  entire  length  along  the  middle  of  its  flat  surface  by 
means  of  a  band  saw.  At  the  point  of  situation  of  the  soft  nodule  described 
above, the peripheral zone of dense bone is reduced to a  thin layer not continuous 
over  entire  surface  but  absent  over  a  small  area  (Plate  IX,  Fig.  I).  At  this 
point  the  rib  measures  1.2  cm.  in  thickness,  and  but  for  this  thin  layer  of  bone 
consists  of  a  soft  moist  tissue,  dark  red  in  color,  in  which  bone  cannot  be  felt. 
At  another  point  at  some  distance  from  this  nodule  is  another  area  similar  in 
color but  where  the  rib  is  not  so  much  increased  in  diameter.  Close  inspection 
of  each  area  shows  that  these  nodules  are  not  separated  sharply  from  adjacent 
marrow  but  gradua!ly  shade  off  into  a  tissue,  likewise  soft  but  paler,  mottled 
gray,  grayish pink or yellowish gray  in color  which  replaces  entirely the marrow 
of  the  bone.  Everywhere  there  is  but  a  thin  (1-2  ram.)  peripheral  zone  of 
bone,  though from this bone  spicules  extend  to  a  certain  degree  into  the  central 
part  of  the  shaft.  The  other  rib  does  not  show  such  definite  nodules  but  at 
several points  on  its  surface  feels  soft.  On  splitting,  its  entire  center  is  seen  to 
be  replaced  by  a  soft  tissue  of  varying  color  lying  within  a  cortical  zone  of 
bone o.5-2  mm.  thick.  In  this  are  a  few  spicules  of  bone, but  the tissue  for  the 
most part  is  soft.  Areas  1-2  cm.  in greatest  diameter  are  dark  red,  other parts 
are  gray or  pinkish gray.  These  ribs  fracture  easily  on manipulation.  On  each 
side  in  the  region  of  attachment  of  the  5th,  6th,  7th,  and  8th  ribs  to  vertebrae 
in the angle between  ribs  and spinal column,  are  scattered  nodules,  soft,  covered 
by  injected  pleura,  rounding  out  this  angle  though  not  encroaching  to  any 
extent  oll  the  cavity  of  the  thorax.  Section  of  these  nodules  show  them  to  be Henry A.  Christian.  329 
soft,  apparently not  containing bone.  Most  of  these  are  dark  red,  often  resem- 
bling a  blood  clot.  Some  have  a  narrow  grayish,  peripheral  zone,  while  others 
are  reddish gray throughout.  As  far  as  seen by section through their superficial 
portion they are  discrete but appear to  arise from bone beneath. 
Opposite  the  attachments  of  6th,  7th,  and  8th  ribs  the  spinal  column  is  bent 
backward  and  to  the  right to  form  a  rather  sharp  curve.  The  superior  surface 
of the bodies of the vertebrae from third dorsal to  third lumbar were  sawn away. 
The  central parts  of the bodies  of  all of  these  vertebrae are  softer than normal. 
The  center  of  those  in  the  region  of  curvature  is  very  soft  and  the  marrow  is 
semidiffiuent,  dark  grayish  red.  The  others,  not  so  soft,  are  lighter,  grayish 
red to  gray,  but  for the most part  irregularly mottled. 
Examination  of  right  femur  shows  dense  cortical  bone  and  pale  yellowish 
marrow. 
Incision  of  soft  area  over  right  shoulder  shows  beneath  deltoid  muscle  and 
entirely above and unconnected with head  of humerus or  acromion a  gray-white, 
quite  friable material, having a  greasy,  soapy feel,  and apparently little structure. 
Anatomical  Diagnoses:  Multiple  myeloma  (ribs,  sternum,  and 
vertebrae) ; curvature of spinal column; old fractures of ribs; lobar 
pneumonia  (left  lower  lobe);  bronchopneumonia  (right  upper 
lobe);  pulmonary  oedema  and  congestion  (right  and  left  upper 
lobes); fibrinopurulent pleuritis  (left); acute splenic tumor; chronic 
bursitis  (subdeltoid bursa) ; healed scar of laminectomy. 
Microscopic Examination:  Heart  muscle is  normal  and  there is 
no connective tissue increase.  Lung: All the alveoli are filled with 
an exudate of serum containing numerous cells.  The greater part 
of  the  cellular  portion  of  the  exudate  consists  of  polynuclear 
leucocytes.  There  is  a  moderate  number  of  mononuclear  cells 
with  and  without  ingested  polynuclear  leucocytes.  Some  of  the 
latter,  especially those without inclusions,  show irregular processes 
as if a cell in amoeboid motion had been fixed in that position..  The 
alveolar epithelium is  swollen and occasionally these cells are seen 
in mitosis.  In one place a cell was fixed during its passages through 
the  alveolar  wall  and  a  portion  of  the  cell  can  be  seen  in  each 
alveolus with a nariow connecting bar of cytoplasm.  Peribronchial 
lymph node shows moderate anthracosis,  and fibrosis. 
Liver: Cells about the center of lobules show moderate bile pig- 
mentation.  In the cytoplasm of many of these cells appear one to 
several dots staining intensely blue black with phosphotungstic acid 
hematoxylin.  About many of these there is a  palely staining zone 
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Spleen shows a  few groups of rather coarse, bright yellow, pigment 
granules.  Kidney shows many small  irregular  areas  of connective 
tissue  proliferation.  This  can  usually  be  traced  in  from  the 
capsule and  is  fairly cellular.  Here and  there  are  sclerosed glom- 
eruli  and  tubules.  In  the  pyramids  many  hyaline  casts  are  seen. 
Most of the tubular epithelium  and  glomeruli  appear  to be normal. 
Adrenal:  Many  of  the  cells  in  the  medullary  portion  are  pig- 
mented.  Testis  normal.  Tissue  from  subdeltoid bursa  is  almost 
entirely  necrotic;  in  a  few places  there  are  small  foci  of lymphoid 
cells  and  fibroblasts. 
Bones:  Of  the  bones  examined,  ribs,  sternum,  vertebrae  and 
femur,  all  showed  macroscopic  evidence  of  extensive  involvement 
with  the  exception  of the  femur.  There  is  a  striking  uniformity 
in the sections taken  from different bones,  and  the  structure  of the 
tumor  is  very simple.  The  tumor  is  very cellular  and  consists  of 
cells varying only moderately in size, shape and structure  (Plate IX, 
Fig.  2).  The cells lie close together in a  coarse meshed reticulum, 
usually of very fine fibrils.  In a  few places the reticulum is coarser, 
more prominent and where this is the case there is rather more con- 
nective  tissue  in  association  with  the  larger  blood  vessels,  but 
nowhere  does  the  stroma  dominate  and  in  most  places  it  is  ex- 
tremely  slight.  In  connection  with  the  stroma  there  are  a  few 
cells of the fibroblast type.  In the tumor  are numerous  blood ves- 
sels,  often  of  large  calibre  but  almost  always  thin  walled,  usually 
hardly more than  an endothelial  layer with a  few fibrils  of connec- 
tive  tissue  between  it  and  the  tumor  cells.  Scattered  among  the 
tumor  cells  are  many  red  blood  corpuscles  and  large  areas  of 
haemorrhage. 
The tumor cells have no definite spacial relations but are scattered 
loosely in  the  meshes  of  the  reticulum,  now  separated  so  adjacent 
cells  hardly  touch,  now  more  crowded so  that  the  cells  press  each 
other  into  polygonal  shapes.  Here  and  there  a  row  of  cells  is 
crowded into  a  crevice between coarser fibrils  and  the cells assume 
a  cuboidal shape.  Neither  the  phosphotungstic  acid  hematoxylin 
nor anilin blue connective tissue stains demonstrate any fibrils closely 
related  to the tumor cells and  the stroma  appears  to arise  from the 
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The individual cells  (Plate IX, Fig.  3)  are round, oval, roughly 
polygonal or  cuboidal,  dependent upon  the degree of  crowding as 
above described.  There is no cell membrane and not infrequently 
the cell edge is slightly ragged.  The cells vary in  size  from 8  to 
2o  microns.  The  average of  the  measurements of  a  number of 
cells such as are most numerous in the sections is  I 1.4 x 7.7 microns 
for cell body and 8.I x  7.2  for nucleus.  The cytoplasm is slightly 
basophilic as shown in the sections stained by the eosin and methy- 
lene blue method when the  differentiation is  not carried very far. 
The  blue  stain  is,  however,  quite  easily  removed  by  the  alcohol 
before the nuclei show much if any dimming of  the brilliancy of 
their blue.  Still  compared  with  the fibrous  tissue  and  cytoplasm 
of fibroblasts  or epithelial  cells this  basophilic  reaction  is  distinct. 
The cytoplasm is finely granular but granules in  the Ehrlich sense 
were not apparent in sections stained in  the usual ways and could 
not be demonstrated with Giemsa's stain in the method of Schridde 
(Centralbl.  f.  allg.  Path.,  etc.,  I9o5,  xvi,  769)  or  with  Wright's 
modification of the  Romanowsky stain  used  in  the  way described 
by Wright for the demonstration of blood platelets in tissues  (Bos- 
ton Med. and Surg. Jour.,  I9o6  , clv, 30).  In some of the cells the 
cytoplasm has in part a  finely vacuolated appearance and where this 
condition occurs near the edge of the cell, that border is apt to be 
quite ragged.  The staining reaction of the cytoplasm of a  given 
cell  is  almost  always  uniform  throughout  and  the  distinct  clear 
zone described near the nucleus in several cases is not present. 
Most of the nuclei  (Plate IX,  Fig.  3)  are round or oval.  They 
have  a  distinct  nuclear  membrane,  are  vesicular  and  have  a  fine 
chromatin network with  coarser chromatin masses attached to  the 
nuclear membrane and scattered throughout the central part of the 
nucleus.  However these chromatin masses  are not  large enough 
or numerous enough to  give a  very darkly staining  nucleus.  In 
the  center  lies  a  distinct  round,  homogeneous  slightly  refractile 
body  I ~  to  2  microns in  diameter which stains  pink  in  eosin and 
methylene blue  preparations  and  in  modified  Romanowsky  stains 
(Giemsa, Wright).  In phosphotungstic acid hematoxylin prepara- 
tions  it  has  a  reddish brown  color.  This  affinity for  acid  stains 
is  easily  demonstrated and  such  a  body  is  entitled  to  be  called  a 
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Many of the nuclei when single have a  slightly eccentric position 
in the cell  (Plate  IX,  Fig.  3).  Cells with two nuclei  are  frequent 
and those with three or four are not uncommon.  Cells with several 
nuclei  are the larger  forms,  I4-2o microns.  In some of these the 
nuclei  are  still  connected  by  a  thread  of  nuclear  material.  The 
structure  of  the  cells  with  multiple  nuclei  is  the  same  as  that  de- 
scribed for mononuclear cells.  A  few nuclei have irregular  shapes 
either horse-shoe or with a rounded bud.  Occasionally one is dumb- 
bell shaped.  No mitotic  figures  could be found in a  careful  study 
of many  sections.  While  irregular  nuclear  shapes  are  seen,  few 
of  these  suggest  amitosis,  and  no  evidence  of  division  of  the 
nucleolus can be found. 
Besides the cells described, others,  considered by me as degenera- 
tion  forms,  occur.  These  are  cells  whose  cytoplasm  is  denser, 
homogeneous and acidophilic.  The nucleus  is shrunken  and  stains 
deeply though somewhat irregularly.  Not infrequently the nucleus 
is  fragmented.  All gradations  between these cells and  unchanged 
tumor  cells  can  be  found.  These  cells  have  a  slightly  yellowish 
tinge  in  parts  of  some  preparations  and  with  many  stains  closely 
resemble nucleated red blood corpuscles.  This  similarity  is greatly 
heightened  in  the  regions  of  h~emorrhage  where  the  cells  have 
definitely  taken  up  h~emoglobin.  However a  study  of  these  cells 
in  many  sections  stained  in  a  variety  of  ways  has  convinced  me 
that  they are  degenerated  cells and  not an  evidence of an  erythro- 
blastic function as claimed by Ribbert (Centralbl. f. allg. Path., etc., 
I9o4, xv, 337)  for the cells of the tumor which he reports. 
In  preparations  stained  with  phosphotungstic  acid  hematoxylin 
and  properly  differentiated,  many  of  the  tumor  cells  are  seen  to 
contain  in  the  cytoplasm near  the  nucleus  a  pair  of  small,  round, 
blue  black  granules;  sometimes  only  one  can  be  seen.  No  other 
similar  granules  occur in  the  cytoplasm.  In  cells  with  more than 
one nucleus  a  group  of three  or more of these  granules  can  often 
be found.  These dots are considered  to be centrosomes. 
In  sections  where  tumor  and  bone  marrow  abut,  no  sharp  line 
of separation is present but tumor cells are found intermingled  with 
normal  bone marrow  elements  and  fat  cells.  Even  at  some  dis- 
tance  from  tumor  nodules  scattered  cells  identical  in  appearance Henry  A.  Christian.  333 
with the tumor cells are found in otherwise normal looking marrow. 
This  condition  is  best  seen  in  the  marrow  from  the  femur  which 
in  the  gross  appeared  normal  and  surrounded  by dense unchanged 
cortical  bone.  Nevertheless  in  the  femur  marrow  are  definite 
tumor nodules. 
In  many  sections  the  trabecul~e  of  bone  have  been  in  part  or 
completely destroyed by the  growth  of tumor.  The  cortical  bone 
of  the  ribs  has  in  places  completely disappeared  but  for  the  most 
part  the  tumor  remains  within  the  limits  of  the  periosteum.  In 
places however muscle and  fat in the neighborhood of the tumor is 
invaded and  groups of tumor cells are  found between muscle fibres 
or fat cells. 
Tissues about the tumor show slight  inflammatory  reaction  indi- 
cated  by  invasion  with  lymphoid  and  a  few  plasma  cells.  In 
places  in  the  fibrous  tissue  are  many  connective  tissue  cells  filled 
with coarse yellow pigment  granules.  The  same pigment  is  some- 
times  found  within  tumor cells but this  is  unusual  and  there  is  no 
other  evidence  of  phagocytosis  on  the  part  of  the  tumor  cells. 
Scattered  here  and  there  in  the  tumor  are  small  foci  of lymphoid 
cells.  Much  of the  tumor  shows very extensive h~emorrhage  and 
this  is  responsible  for  the  deep  red  color  macroscopically  evident. 
Case  II  (J.  H.  H.,  I666)  was  autopsied  by  Dr.  W.  G.  MacCallum  at  the 
Johns Hopkins  Hospital.  The clinical notes of this case were published by Ham- 
burger  (Johns Hopkins Hospital Bull.,  I9oI,  xii, 38)  from whom  I  quote  a  brief 
extract.  The  patient  was  a  negress  of  5o  admitted  to  the  Johns  Hopkins  Hos- 
pital  October  Io,  I9oo.  For  a  year  she  had  had  pain  in  the  region  of  the  right 
groin  and  hip.  Last  June  while  picking  up  a  bucket  of  coal  she  experienced  a 
remarkable  sensation  of  lengthening  in  the  left  arm,  and  next  morning  she 
found  that  she  could  not  raise  this  arm  to  her  head  because  of  pain.  About  a 
week  later the  right  arm  was  somewhat  similarly affected.  About this  time  she 
noticed  a  swelling  the  size  of  a  hen's  egg  on  the  back  of  her  head.  Six  days 
before  coming  to  the  hospital  her  right  leg  gave  way  while  walking,  and  since 
then she has been unable to stand. 
In  the  hospital  a  fluctuating  mass  Io  cm.  in  diameter  was  found  in  the 
occipital  region.  This  was  not  adherent  to  the  skin,  not  movable  on  the  deep 
tissues  and  not  tender.  Over  the  inner  third  of  either  clavicle  was  a  nodule  3 
to 4  cm.  in diameter,  and in the left supraspinous  region another 4  cm.  in diam- 
eter.  Upper  third  of  thigh  was  markedly  enlarged  by  a  tumor  the  size  of  a 
child's  head.  The  patient's  urine  contained  Bence-Jones'  albumose.  She  died 
February  I,  I9oI. 
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in  femur,  ilium, clavicle, sternum,  scapula and  skull.  There  were  no  metastases 
in  abdominal or thoracic viscera.  He  described the  tumors  as  follows:  "These 
growths presented everywhere the  same  appearance.  :Everywhere they evidently 
sprang  from  the  marrow  of the  bone  from  which  they were  not  by any  means 
sharply  demarcated  ....  The  well  defined  tumor  masses  were  perhaps  some- 
what  firmer than  such  a  mass  of  bone  marrow  would  be.  They  varied  some- 
what  in  consistence,  however.  In  general  they  were  soft;  some  of  the  larger 
were  almost  diffiuent and  flattened  out  when  cut  and  laid  on  the  pan.  Others 
were  less  soft  and  in  some  parts  the  gelatinous pulpy consistence  gave  way to 
a  fair degree of firmness.  In  color there  was  also  considerable variation.  The 
greater part  of  the  masses  was  of  a  deep  red  color, perhaps  even  darker  than 
normal bone  marrow but  showing everywhere a  grayish tint.  Usually lines  and 
streaks  of gray were  to be  seen throughout  this  deep red,  and  in nearly all the 
masses  definite nodules of firmer consistence  and  of a  grayish white color were 
found.  .At some points there was  a  slight yellow opacity.  ''* 
Microscopic Examination.5--The  tumor  is  made  up  almost  en- 
tirely  of  cells  (Plate  IX,  Fig.  4).  Connective  tissue  reticulum  is 
very  slight  in  amount  and  the  connective  tissue  fibrils  appear  to 
have  no  intimate  association  with  tumor  cells.  Where  the  con- 
nective  tissue  is  larger  in  amount  there  are  narrow  bands  and 
strands  enclosing  coarse  meshes  or  spaces  filled  with  tumor  cells. 
Tumor  cells appear  to  have  no  definite  spacial  relations;  here  they 
are closely crowded  together,  there  more  widely separated.  Blood 
vessels  are  present  in  moderate  number  and  are  relatively  thin 
walled and of large calibre.  About the blood vessels are a  few con- 
nective  tissue  fibrils,  some  of  which  radiate  out  among  the  tumor 
cells.  However,  between  individual  cells  fibrils  of  connective  tis- 
sue are rare. 
The  cells  (Plate  IX,  Fig.  5)  themselves  vary  somewhat  in  shape 
according  to  the  degree  to  which  they  are  crowded  together. 
Usually  they  are  rather  polygonal  with  one  diameter  greater  than 
the  other.  When  separated  from  one  another  they  are  round  or 
oval.  The  average  of  the  measurements  of  a  number  of  the  cells 
occurring  most  abundantly  in  the  tumor  is  IO.4x6.8  microns. 
Other  cells  however  occur  which  are  considerably  larger,  some 
with several nuclei, others with a  single quite large nucleus.  Smaller 
* For  further details of this case see papers of Hamburger and  MacCallum. 
• This  description  has  been  made  by  me  independently of  that  given  by  Dr. 
MacCallum  (loc.  cir.).  It  has been  made on  preparations prepared  in  the  same 
way  as  the  preceding  case.  The  same  is  true  for  the  other  cases  which  have 
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apparently shrunken cells  also are found.  Yet the prevailing cell 
picture is one of a  quite uniform size. 
The cell outline is sharp but no cell membrane is evident.  In eosin 
and  methylene blue  preparations  the  cytoplasm has  a  very finely 
granular ground glass appearance or is homogeneous.  Some cells 
have a  finely vacuolated cytoplasm and not infrequently these cells 
may have a  ragged outline due to vacuolization of their peripheral 
portions.  The cells are slightly basophilie.  Many of the cells have 
a  yellowish hue,  even  in  unstained  preparations.  This  is  partic- 
ularly  evident in  h~emorrhagic portions  and  suggests  h~emoglobin 
staining.  When  this  is  associated  with  certain  forms  of  nuclear 
degeneration  to  be  described  later,  there  is  much  resemblance  to 
erythroblasts. 
In phosphotungstic acid hematoxylin stains the cytoplasm appears 
distinctly more granular.  In many cells near the nucleus there is 
a  rounded pale  zone  surrounding  one  or  two  small  dots  staining 
deeply blue which I regard as centrosomes.  In some cells especially 
those with  several nuclei  three or more such  centrosomes may be 
seen grouped together.  Some of the large cells are phagocytic and 
contain cells, usually red blood corpuscles, in varying stages of dis- 
integration,  or yellow pigment masses. 
Nuclei  (Plate  IX, Fig.  5) are round,  sometimes oval,  sometimes 
slightly irregular in contour with pseudopods or indentations.  They 
are  almost  always  eccentrically placed  in  the  cell.  Some  of  the 
larger  cells  show  nuclear parts  connected with  one  another bY  a 
very fine thread  of  nuclear material.  The  average  of  a  number 
of  measurements  of  nuclei  is  6x 6  microns.  Nuclear  structure 
perhaps  can be  described  most  clearly by  giving  a  description  of 
one  form and  noting the modifications  from this  type that  occur. 
However it  is  to  be understood that  the nucleus described first is 
not the one that is found in the majority of the cells but instead the 
first modification is more frequent.  The nucleus to  begin with  is 
vesicular.  It has a  distinct cell membrane slightly and irregularly 
thickened by small  chromatin masses.  In  its  center is  ordinarily 
a  rounded  metachromatic mass  slightly  smaller  than  that  in  the 
tumor cells of  Case  I.  This  is  considered a  nucleolus.  Between 
nucleolus  and  nuclear  membrane  are  a  few  very  fine  chromatin 
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The  most common variation  from this  nuclear  structure  and  the 
one  seen  in  most  cells  of  the  tumor  seems  to  arise  in  this  way. 
There is a moderate increase in chromatin.  Most of this chromatin 
tends  to  a  peripheral  position  against  the nuclear  membrane  and 
in  the  form  of  larger  chromatin  masses.  Some  of  these  masses 
however may remain  free from the nuclear  membrane.  Nucleolus 
may still  be evident.  With  this  change  there  is  a  very slight  de- 
crease in the size of the nucleus.  In a  few cells chromatin  clump- 
ing continues and  the central  portion of the nucleus  almost entirely 
loses its chromatin.  The end result of this change may be a nuclear 
membrane  with  3  to  5  large  chromatin  masses  adherent  to  it,  and 
the  central  portion  of  the  nucleus  free  from  stainable  substance. 
Next  the  nuclear  membrane  disappears,  the  chromatin  masses  be- 
come  round  and  there  results  a  cell  with  2  to  5  small  intensely 
staining  separate  masses  of nuclear  material. 
In  other  nuclei  this  end  stage  appears  to  have  been  attained  in 
a  different  way.  First  the  chromatin  becomes  arranged  in  what 
appears to be a coarse twisted thread very similar to the coarse skein 
stage of karyokinesis but with the difference that along the threads 
chromatin  gathers  in the  form of rounded  swellings.  This  thread 
lies  in a  vacuole and  all  suggestion  of a  nuclear  membrane  is  lost. 
There  is  no granular  change  in  the cytoplasm such  as  accompanies 
true  cell  division.  As  the  change  progresses  apparently  the  chro- 
matin masses grow larger,  the connecting thread smaller until finally 
complete separation  results. 
A  third  form of nuclear  change  is  a  simple  shrinkage  with  con- 
densation  of the chromatin.  This  results  in a  small  round  solidly 
staining nucleus.  The later stages of these three  forms of nuclear 
change when associated with hemoglobin staining  of the cytoplasm 
give  cell  pictures  almost  identical  with  those  frequently  seen  in 
the megaloblasts and normoblasts of pernicious anemia. 
True indirect cell division occurs but karyokinetic figures are diffi- 
cult to find.  However some cells were seen which  showed nuclear 
figures  with  the  associated  granular  changes  in  the  cytoplasm  and 
the  loss  of  sharp  outline  of  the  cell  body.  Frequently,  however, 
it  is  impossible  to  determine  whether  a  cell  nucleus  is  undergoing 
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Scattered here and there are cells of the same general size as the 
predominating  cell,  or  a  little  larger,  with  a  somwhat  different 
nucleus  in  that  the  structure  is  irregular,  slightly  indented,  more 
deeply staining  because  it  contains  larger  chromatin  masses  more 
closely aggregated together.  Sometimes these cells have two nuclei. 
These  cells  as  well  as  the  tumor  cells  first  described  differ  quite 
distinctly  in  appearance  from  the  elongated  connective  tissue  cells 
which accompany the  stroma. 
In sections somewhat differently fixed, the cells show very much 
more  frequently  and  more  distinctly  the  round,  pinkish  nucleolus 
which  was  seen in  some of the  cells in  the  other  section. 
In  another  section,  probably bone marrow,  there  are  islands  of 
cells,  40  or  5  °  in  number,  scattered  amid  loose  fat  tissue.  Here 
almost all the cells are round, but the nucleus preserves its tendency 
to an eccentric position.  Otherwise the cells show much  the  same 
characteristics as in other sections. 
As  in  Case  I  there  is  a  slight  inflammatory  reaction  about  the 
tumor masses and similar pigmentation. 
Case  III  (H.  M.  S.,  2318 )  was  a  man,  a  patient of  Dr.  John  C.  Munro,  of 
Boston, who was admitted to the Carney Hospital  for the first time on November 
Io,  I9o4.*  He  was  at  that  time  49  years  old.  Eleven  months  prior  to  this, 
suddenly  he  was  seized  with  an  attack  of  pain  localized  in  the  back  in  a  small 
area  at  the  level  of  the  spine  of  the  scapula  and  just to  the  left  of  the  spinous 
processes  of  the  dorsal  vertebra.  This  pain  was  almost  continuous,  and  after 
nine months was accompanied by pain in the left arm,  sharp  and constant, which 
radiated  to  the  painful  area  in  the  back  and  was  worse  on  motion  of  the  arm. 
There  was  also  tenderness  in these  regions.  For two  months  his arm  had been 
wasting  and  growing  weaker.  This  was  accompanied  by  difficulty  in  flexing 
fingers  and  inability to  touch  thumb  to  any  but  index  finger.  Four  months  ago 
he  noticed  three  hard  lumps  on  top  of  his  head,  which  gradually  increased  in 
size.  Two  months ago he noticed  a  similar hard  lump  on one of the  ribs of  the 
left side.  None of  these were painful  or  tender. 
When admitted to the Carney Hospital there were three swellings on his head 
and two  in left chest wall.  These  were  not tender.  There  was pain on  moving 
head and in back on left side  at  level of  scapula.  Slight diminution in sensation 
to  pin  point  was  present  on  left  side  down  to  level  of  7th  dorsal  spine  and  in 
left  arm,  especially  on  ulnar  side,  with  muscular  atrophy  more  marked  below 
level of  elbow. 
On  November  2Ist  Dr.  Munro  remo:ced  6th  and  7th  cervical  and  Ist  dorsal 
lamina~.  One lamina was found to be eroded and involved in a  gelatinous growth 
* The  following brief history  was  abstracted  from  the  clinical  records  of  the 
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which  extended  laterally  and  anteriorly  into  adjacent  structures  but  did  not 
involve  the  dura  beyond  simply  pressing  upon  it.  This  growth  was  curetted 
away as far as possible and the wound  drained.  After this symptoms were con- 
siderably improved and patient left the hospital December 5,  19o4. 
On May 5,  19o5, patient returned with pain and tenderness over lower lumbar 
vertebrae.  Dr.  Munro  performed  laminectomy on  3rd  and  4th  dorsal  vertebrae, 
but no tumor growth was evident.  The patient left the hospital June  I,  19o5. 
Later  the  patient  returned  to  the  hospital because  the  tumors  on  head  and 
arm  were  increasing in size.  In the  region of the  anterior fontanelle there  was 
a  hemispherical,  semi-fluctuant tumor  the  size  of  a  half  orange,  and  near  the 
posterior fontanelle one  as  large  as  a  walnut.  In  the  right  axilla there  was  a 
non-sensitive  movable  tumor  the  size  of  an  English  walnut,  and  on  the  right 
upper arm two smaller tumor masses.  On January 6,  19o6, Dr.  Munro dissected 
the axillary lymph nodes and  removed the tumor masses from the  arm.  Of the 
latter one  was  encapsulated, the  other infiltrating; both  appeared to  be  outside 
the periosteum.  The larger tumor of the head was  curetted.  Both tables of the 
skull  were  found  eroded  and  the  dura  pressed upon  though  not  involved.  The 
patient  improved  and  left the  hospital January  20,  19o6.  During  this  last  stay 
in the hospital albumose was  found in his urine.  Tissue from this last operation 
was sent to the pathological department of Harvard Medical School and this was 
available to  me  for  histological study.  It  was  described as  follows:  Spherical 
mass  from  arm  2  cm.  in  diameter,  on  section  soft,  white,  semi-opaque,  homo- 
geneous.  Mass of fat from axilla, with three nodules imbedded in it,  I,  IX, and 
2 cm.  in diameter.  On section discrete, chocolate colored, softened masses.  Two 
much  softened.  Two  masses from  the  scalp, each 20  cm.  in volume,  red brown 
in  color  with  spicules  of  bone  imbedded  in  parts,  soft  homogeneous,  semi- 
translucent. 
Microscopic Examination.--As in the preceding cases, the stroma 
is Very slight in amount.  However  it differs  somewhat  from  them 
in  the  fact  that  though  the  fibers  are  slender  they  form  a  finer 
meshed  reticulum  in  which  lie  the  tumor  cells.  Blood  vessels  are 
fairly  numerous  and  relatively  thin  walled.  The  tumor  is  very 
cellular  (Plate  X,  Fig.  6)  and  the  cells themselves  present  a  quite 
uniform  appearance  though  varying  somewhat  in  size.  The  aver- 
age  for  a  number  measured  is  lO. 5 x  6.8  microns.  In  shape  they 
are  round  or slightly oval,  somewhat  polygonal  where  crowded  to- 
gether.  The  cell outline is  distinct and  regular  (Plate  IX, Fig. 7). 
In  places there  is  some  indication  of  a  cell membrane.  The  cyto- 
plasm  is  very  finely  granular,  almost  homogeneous.  It  is  very 
slightly basophilic. 
The  nucleus is round  or oval  (Plate  X, Fig. 7)  usually of regular 
contour.  Nucleus  in  relation  to  cell  body  is  rather  large.  Its 
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eccentrically  placed  in  the  cell,  but  this  is  not  a  marked  feature. 
There  is  a  distinct  nuclear  membrane.  The  nucleus  is  vesicular 
with  rather  fine  chromatin  masses  diffusely  scattered.  At  times 
there  is  a  slight  peripheral  grouping  of  the  chromatin,  but  this  is 
never very marked.  In eosin and methylene blue preparations  the 
chromatin  granules  appear finer and the nuclei more vesicular than 
they do in  the phosphotungstic  acid hematoxylin.  Sometimes  the 
chromatin  is  clumped  towards  the  center  and  the  surrounding 
nucleus  is  almost  free  from  stainable  substance.  Many  nuclei 
show  a  rounded  metachromatic  central  body  corresponding  to  a 
nucleolus.  This,  however,  is  much  less  evident  than  in  the  other 
cases.  Still  in  some  sections  stained  with  eosin  and  methylene 
blue it stands out sharply and red in an otherwise blue nucleus. 
A  few cells have two nuclei,  rarely more.  These cells are larger 
in  size.  There  are  cells with  shrunken  deeply staining  nuclei  but 
these  are  relatively  infrequent.  Occasionally  there  is  seen  a  cell 
with  a  nucleus  as  large  as  the neighboring  cells.  The  nucleus  of 
this cell stains rather deeply and the chromatin  granules are coarser 
than  in the  more common  cells of the  tumor. 
Nuclear figures are very numerous  in sections of this  tumor,  and 
the cells in mitosis are distinctly granular  and  without  a  sharp  cell 
outline.  A  few cells are phagocytic and contain cell remains.  No 
h~emoglobin pigmentation  of cells is seen in this case. 
In a  section of the lymph node from this case there are numerous 
areas of epithelioid cells some of which contain also giant cells and 
form very typical tubercles.  Besides this the sinuses here and there 
in the lymph node are filled with cells of the identical  type of those 
previously described  as  occurring  in  the  tumor.  In  places  it  is  a 
question whether these masses of tumor cells are in true lymphatics, 
or  growing  as  masses  in  the  structure  of  the  lymph  node  itself. 
However, the  suggestion  is  that  the  tumor  is  pretty  well  confined 
to the lymph channels,  while in the tissue about there are lymphoid 
and  plasma  cells  of  the  ordinary  type  with  the  possibility  of  an 
occasional tumor cell, but this  latter  is open to doubt. 
Case  IV  (E.  and  E.  I.,  2-III9).  Material  from  this  case  was  given  me  by 
Dr.  F.  H.  Verhoeff,  of  Boston.  It was  removed at  operation  by  Dr.  Alexander 
Quackenboss.  The  clinical  notes and macroscopic description have been abstracted 
from  the  report  of  Quackenboss  and  Verhoeff  (]our.  o[  Med.  Research,  19o6, 340  Multiple Myeloma. 
xv, 25I).  A  man of 5o was admitted to the  Massachusetts  Charitable  Eye and 
Ear  Infirmary on  November  I3,  I9o5.  Six  months  before  this  he  complained 
of double vision  and  noticed  a prominence  of his  left eye.  Two months  ago he 
noticed a swelling at the upper part of the sternum.  In  the  Infirmary examination 
showed a smooth  rounded  tumor 6~ x 8~ cm. over the sterno-clavicular articula- 
tion.  At  the upper and  outer half of the  left orbit was  a  hard  bone-like  mass, 
in  size  and  shape  somewhat resembling the  lachrymal gland,  firmly  attached  to 
the orbit wall.  Toward the nasal side  another tumor is  felt more elastic  to the 
touch  and  situated  deeper  in  the  orbit.  :Portions  of  each  tumor  were  removed 
for diagnosis.  Macroscopically  the  tissue  from both  situations  was  soft,  trans- 
lucent  and  slightly  yellow  in  color,  somewhat  resembling  adipose  tissue.  The 
patient's urine  contained  Bence-Jones' albumin.  After the  operation the patient 
lived  two  months.  During  this  time  both  growths  increased  in  size  and  four 
new ones appeared over the thigh.  There was no autopsy. 
Microscopic Examination.--This  is  a  vory  cellular  tumor  with 
sparse  stroma  (Plate  X,  Fig.  8).  The  stroma  present  is  in  the 
form of a  coarse meshed reticulum enclosing many cells.  Fibroglia 
fibrils occur but the connective tissue elements bear no close relation 
to  the  tumor  cells. 
The  cells  in  pieces  from  the  orbital  and  sternal  tumors  differ 
somewhat  in  appearance:  Those  (Plate  X,  Fig.  9)  in  the  orbital 
tumor are  slightly larger averaging 9.4 x  7.6  microns.  They have 
relatively  more  cytoplasm  and  a  more  eccentric  position  of  the 
nucleus.  They  have  a  distinct  cell  outline,  but  no  suggestion  of 
a  cell  membrane.  In  shape  they  are  oval  to  roughly  polygonal 
according  to  the  degree  of  crowding  together.  The  cells  in  the 
sternal  tumor  are  slightly  smaller,  averaging  8. 5 x  5.5  microns. 
The  nucleus  is  not  so  distinctly  eccentric  in  position,  and  there  is 
in many cells  a  suggestion  of a  cell  membrane. 
The cytoplasm in both is finely granular,  or almost homogeneous 
according  to  variations  in  staining  method.  Some  cells  are  finely 
vacuolated  and  vacuolation  of  the  periphery  may  give  the  cells  a 
ragged,  frayed  out  appearance.  The  cytoplasm  is  weakly  baso- 
philic.  In many cells  can be  found  one or two  small  dots  staining 
dark  blue  with  phosphotungstic  acid  hematoxylin.  These  usually 
lie  near  the  nucleus  in  a  pale  zone,  and  are  interpreted  as  centro- 
somes. 
The  nuclei  (Plate  X,  Fig.  9)  are  vesicular  with  a  distinct  out- 
line, and average 5.7 x  5.4 microns.  Chromatin is present in rather 
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tendency  to  peripheral  grouping  of  the  chromatin.  In  the  central 
part  of  many  nuclei  there  is  a  small  rounded  metachromatically 
staining body considered  to be a  nucleolus. 
A  few  cells  are  larger  and  contain  two  or  three  nuclei.  A  few 
have smaller, shrunken,  deeply staining, nuclei.  Some of the latter 
are  tinted  yellow  and  bear  a  close  resemblance  to  nucleated  red 
blood  corpuscles.  However  gradations  between  these  and  normal 
cells can be easily traced. 
Mitoses  are  quite  easily  found  in  the  sternal  growth  but  are 
excessively rare or absent in sections  from the orbital tumor. 
Cace V  (E.  and  E.  I., 2-II77).  This  specimen  was also  given me by Dr.  F. 
H. Verheoff with the following  note from the clinical  records of the Massachu- 
setts  Charitable  Eye  and  Ear  Infirmary.  A  male,  age 50,  was  admitted  to the 
Infirmary June 5,  19o6.  There had been  a tumor above and behind  the mastoid 
for three years.  This measured 9 x 5 cm., and  was firmly adherent to the skull. 
It was  not painful  and  not  tender.  At operation  it  was  found  that  the  tumor 
was  covered  externally  by a  fibrous  capsule  and  that  it  had  entirely  replaced 
the bone so that is  was in contact with  the brain.  It was firm in  consistence  and 
its cut surface was uniform and translucent.  No other tumors were found.  Dr. 
Verhoeff obtained  a faint reaction for albumose  in the urine. 
Microscopic  Examination.--In  some  parts  of  this  tumor  con- 
nective tissue stroma is present in large amount  (Plate XII, Fig.  14) 
and  everywhere  it  is  more  abundant  than  in  the  other  tumors. 
Where  it  is  most  abundant,  it  occurs  as  quite  coarse  bundles  of 
wavy connective  tissues  fibrils,  with  cells  crowded  into  the  spaces 
between  in  a  more  or  less  columnar  fashion.  Where  connective 
tissue  is  in  smaller  amount  cells  are  more  numerous  (Plate  XI, 
Fig.  IO).  In the  most cellular parts stroma is present as a  moder- 
ately course meshed reticulum crowded with tumor cells.  Fibroglia 
fibrils occur in association with  flattened  connective tissue cells,  but 
they are not very abundant. 
The  shape  of  the  tumor  cells  depends  largely on  the  amount  of 
stroma.  They may be crowded into  narrow  crevices between  con- 
nective tissue bundles ; then they are rectangular  or cuboidal  (Plate 
XI,  Fig.  I I).  Where  the  spaces  in  which  they  lie  are  larger  the 
cells  are  polygonal  with  one  diameter  greater  than  the  other. 
Where  very numerous,  they  are  oval  or  even  round.  Except  for 
these  variations  in  shape  due  to  pressure,  the  cells  present  a  very 
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The cell outline  (Plate XI, Fig.  II)  is sharp.  There is  no  indi- 
cation  of  a  cell membrane.  The cytoplasm  is  homogeneous,  very 
finely  granular  or  ground  glass  in  appearance.  Sometimes  it  is 
finely vacuolated.  The cytoplasm is weakly basophilic.  The aver- 
age  for a  number of cell measurements  is  9-9 x  6.4  microns.  The 
nucleus  (Plate  XI,  Fig.  ii)  is  almost  always  eccentically  placed, 
almost touching the cell boundary.  The nuclei  are  round  or oval, 
sometimes slightly irregular.  Their average size is 6. 9 x  5 microns. 
The nucleus  has  a  very distinct outline with  a  slight peripheral  ar- 
rangement of ehromatin.  Chromatin  is  in  fairly fine masses  scat- 
tered through  the  nucleus but  is  relatively not very abundant.  In 
many nuclei a  rounded central body is present which takes a  reddish 
color with the eosin and methylene blue stain.  This is  regarded  as 
a nucleolus.  It has an orange red color in the aniline blue connective 
tissue  stain,  and  a  reddish  brown  tint  in  the  phosphotungstic  acid 
hematoxylin stain. 
Near the nucleus, usually lying in a  pale zone, small dots staining 
dark  blue  with  the  phosphotungstic  acid  hematoxylin  stain  are 
found.  These are believed to be eentrosomes. 
Besides  the  cells  described  above,  slightly  larger  cells  with  two 
or  three nuclei  occur.  Except  for  size  and  multiplicity  of  nuclei 
they  resemble  the  other  cells.  They  are  not  numerous.  There 
are  also  a  few  uninuclear  cells  larger  than  those  first  described, 
with  a  larger,  more  deeply staining,  slightly  irregular  nucleus. 
Typical mitotic figures are easily  found in the more cellular por- 
tions,  but  mitosis  is  not  very  active.  The  tumor  is  moderaely 
vascular.  There is  no evidence of any association between  tumor 
cells  and  connective tissue  fibrils. 
Case VI  (M.  G. H.,  297) was  autopsied  by Dr. J.  H.  Wright at the Massa- 
chusetts  General  Hospital.  The following data has been abstracted from Wright's 
report  (Johns Hopkins Hospital Report, published  as  a  Festschrift to Wm.  H. 
Welch,  I9oo,359).  The patient, a man of 54, entered the Massachusetts  General 
Hospital February 24,  I898.  About  a year before he had  noticed a small tumor 
at about the level of the nipples which had grown steadily.  On admission  there 
was  a  rounded  tumor,  II  cm.  in  diameter  in  the  sternal  region  at  about  the 
nipple  line.  This  tumor was  rather  soft and  slightly  pulsating.  In  connection 
with the ribs in the back were several tumor nodules.  Examination with X-rays 
showed  changes  in  the 5th, 6th, 7th, 8th,  Ilth  and  I2th  ribs  posteriorly on the 
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present in the urine.  During the next four months  the condition of the patient 
remained  practically  stationary.  The tumors of the  ribs  increased  somewhat  in 
size, but that in the sternum did not.  In the head  at the juncture of the sagittal 
and lambdoidal sutures  a soft tumor the size of a filbert appeared.  After about 
four months  the patient began  to grow  rapidly  weak  and  to  suffer much  pain. 
Finally he became unconscious and  died July 26,  I898. 
Autopsy  showed  myeloma  of  sternum,  ribs,  vertebrae, occipital  and  frontal 
bones.  The gross  appearance of the tumor is as follows:  "A longitudinal  section 
through the sternum  shows the bony tissue, except at the extremities  of the bone, 
almost  entirely replaced  by a  tissue  which  is  soft,  mushy,  grayish  red to dark 
red in color, and  partly moderately firm, whitish  and semitranslucent."  Tumor 
elsewhere  was quite  similar. 
Microscopic Examination.--Sections  of  the  tumor  show  stroma 
to be  very slight  in  amount.  There  is  a  delicate,  coarse  meshed, 
connective  tissue  reticulum.  Here  and  there  are  spaces  with  in- 
definite  outlines  filled  with  blood.  There  are  also  some  definite 
blood vessels with distinct though thin  walls.  The tumor cells are 
of a  surprisingly uniform appearance.  They lie close together but 
for  the  most  part  are  not  crowded  (Plate  XI,  Fig.  I2).  There 
is  no  great  variation  in  size;  they  average  8.4 x 4.2  microns  and 
are  round or oval,  frequently polygonal when in contact with  each 
other  (Plate XI,  Fig.  I3).  The cytoplasm is almost homogeneous 
in  the  eosin  and  methylene  blue  preparations.  It  usually  has  a 
ground  glass  appearance  and  it  is  rare  to  find  any  vacuolization. 
The  cytoplasm  has  a  slight  affinity  for  basic  dyes  though  not 
strongly  basophilic.  The  cells  show  no  distinct  cell  membrane, 
though the cell outline is even and  sharply demarcated. 
The  nucleus  (Plate  XI,  Fig.  I3)  is  almost  always  round  and 
averages  4.2 x  4.I  microns.  An  eccentric position  is  almost  con- 
stant.  Chromatin  masses  are  relatively large  in  size,  and  for the 
most part lie in close apposition  to the cell membrane so that  there 
is  left a  small  central  portion  rather  free  from chromatin.  Here 
is  frequently  seen  a  small,  more  refractile,  rounded  mass  taking 
a  pinkish  stain  in  eosin  and  methylene  blue  preparations  in  con- 
trast  to  the  blue  of  the  other  nuclear  content.  This  body  is  re- 
garded  as  the  nucleolus. 
In sections  stained  with phosphotungstic  acid hematoxylin many 
cells  show  in a  paler zone near the nucleus  one or  two  small,  blue 
black dots  like centrosomes. 3i4  Multiple  Myeloma. 
A  few  cells  with  two  nuclei  occur  but  these  are  not  frequent. 
Many  cells show  a  shrunken  deeply staining  nucleus,  and  it  is  not 
uncommon  to  find  cells  stained  with  h~emoglobin.  No  mitoses 
could be found in cells in definite tumor masses,  but they are  found 
nearby  in  portions  of  bone  marrow  in  which  both  tumor  and 
other cells occur.  However it is not possible  to  say whether  these 
are tumor cells in mitosis or not. 
Sections  from  all  six  tumors  were  stained  in  F~hrlich's  triacid 
stain,  followed by differentiation in dilute acetic acid.  However in 
none  could  granules  in  the  Ehrlich  sense  be  brought  out,  though 
many of the cells thus stained had a  more granular appearance than 
when  stained  with  eosin  and  methylene  blue.  This  granulation 
however did not suggest that of myelocytes. 
The  preceding  cases  have  been  described  especially  from  the 
point  of  view  of  cytology.  Clinical  history  and  autopsy  findings 
have been  included only so  far as  was  deemed necessary to  justify 
the  diagnosis  of  multiple  myeloma.  The  cases  are  not  intended 
to add  anything to  the casuistics  of the  condition.  By comparing 
side by side the cells in these cases it is hoped that a  clearer insight 
into the nature of the cells may be attained, and if possible the many 
conflicting interpretations  of  the  nature  of  these  cells  be  harmon- 
ized.  It  will  be  interesting  in  this  connection  to  review  briefly 
such  cases  as  have  been  reported  by  others,  excluding  those  in 
which  cell  description  is  given  in  insufficient  detail.  The  earlier 
cases  cannot  be  included  owing  to  meagreness  of  histological  de- 
scription,  and  a  number of more recent ones are  excluded  for sim- 
ilar  reasons. 
The case of Thomas (loc. c#.)  is described here in detail from tissues obtained 
at autopsy.  He considered the cells to be closely allied to plasma cells.  Wright's 
case  (loc. cir.) has been described  here.  Wright believes the cells to be plasma 
cells. 
MacCallum's  case  (loc. c#.)  is included in my series.  He regards the cells as 
non-granular myelocytes. 
Abrlkossoff  (Virch.  Archly.  f.  Path.  Anat.,  I9o3, clxxiii,  335) describes  the 
cells in his  case as measuring  8 to I4 microns.  The cells are rich  in cytoplasm. 
The nucleus  is eccentric, measures  4 to 6 microns  and  is round,  oval  or slightly 
irregular.  Rarely the  cells have two nuclei.  The nuclei  have  a  delicate  chro- 
matin  network and  distinct  nucleolus.  The photograph  of an area in  this  case 
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Vignard  and  Gallavardin  (Rev.  de Chit.,  19o3, xxiii, 9I)  report two cases.  In 
Case  I  the cells are cubical  or polygonal.  Cytoplasm  is  relatively abundant  and 
non-granular.  A  drawing  shows  eccentric position of nucleus  which  is relatively 
small.  Nuclear detail is not given.  In Case  II, also reported by Dubost  (Th6se, 
Paris,  1896-97)  the cells are  round  or polyhedral.  The cytoplasm is non-granular 
and  relatively scant.  The  authors  make  no  attempt  to  homologize the cells. 
Weber  (Am. Your.  of Med.  Sciences,  19o3, cxxvi, 644,  and Your. of Path.  and 
Bact.,  19o3, ix,  172) finds  rounded or polyhedral  mononuclear  cells with granular 
cytoplasm  and  eccentric  nucleus.  Muir  thinks  these  cells  are  derived  from  the 
myeloeyte.  MacLeod  says  they  morphologically  resemble  plasma  cells,  but  the 
nuclei  do not  show  the  characteristic  arrangement  of five or  six  deeply  staining 
chromatin  bodies  around  the periphery  so  generally  found  in plasma  cells. 
Ribbert  (Centralbl.  f. allgem.  Path.,  19o4, xv, 337)  describes  cells like marrow 
cells,  some  of  which  are  tinged  with  hmmoglobin  and  resemble  erythroblasts. 
Ribbert  believes  the  tumor  cells  to  be  erythroblasts.  His  cell  description  is 
insufficient to give any  adequate  idea of the  appearance  of the  cells beyond  their 
hmmoglobin  content. 
Zininger  (Am.  Med.,  19o4, vii,  637)  finds  large  oval  or  angular  cells  with 
eccentric vesicular nuclei  and  a  nucleolus.  Sometimes  two to  four  nuclei,  sepa- 
rated  or connected by a  chromatin  thread,  occur.  Tumor cells, according to this 
author,  resemble  the  plasma  cells  of  Unna  except  for  larger  size  and  vesicular 
nucleus. 
Scheele and  Herxheimer  (Zeitsch.  [.  klin.  Med.,  19o4, liv, 57)  describe  round 
or  polygonal  cells  with  relatively  large  nucleus  and  slight  cytoplasm.  The 
nucleus  is  somewhat  larger,  more  lightly  staining  and  with  more  distinct  chro- 
matin  net  and  nucleolus  than  in  the  ordinary  lymphocyte.  They  think  the  cells 
are derived from myelocytes. 
Hoffmann  (Ziegler's  Beitr~ge  z.  path.  Anat.,  19o4,  xxv,  317)  reports  a  case, 
unique in that  it is a  characteristic myeloma with metastasis  in the liver.  Exten- 
sion from bone to  soft parts  often occurs,  but  with the  exception of Hoffmann's 
case  and  my Case  III, metastasis  is not  reported.  The  cells in Hoffmann's  ease 
are  round  or  oval  and  stain  intensely  with  Unna's  polychrome  methylene  blue 
except  near  the  nucleus  where  there  is  a  paler  zone.  The  nuclei  are  eccentric 
in position.  Sometimes there  are  two  nuclei.  Hoffmann  believes in the  plasma 
cells origin of these  tumor  cells.  His plates  show cells similar to  those  in  Case 
I  of my series. 
Sternberg  (Verhandl.  d. Deutsch.  path.  Gesellschaft,  19o4, vi, 34,  and Zeltsch. 
f. Heilk.,  19o4, xxv, Path.  Anat.  Abth., 89)  describes cells like large mononuclear 
leucocytes with relatively large palely staining  round or oval nuclei.  Chromatin is 
similarly arranged  as  in plasma  cells.  Sternberg  demonstrates  neutrophile  gran- 
ules  in the cytoplasm  and  considers  the cells to be myeloeytes. 
Aschoff  (Miinch.  rned.  Woch.,  19o6, liii, 337)  in his  case  finds  cells which  in 
cytoplasmic  staining,  eccentric  nucleus  and  coarse  chromatin  masses  resemble 
plasma  cells.  Also  there  are  cells  similar  to  myeloblasts. 
Jores  (Deutsch.  reed.  Woch., 19o6, xxxii, 863)  in  a  brief celt description  likens 
the cells to large mononuclear cells of the blood.  The  cytoplasm is non-granular 
and no h~rnoglobin is present  in the cells.  He interprets  them as mother cells of 
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Lubarsch  (Virch. Archly.  [.  path.  Anat.,  19o6, clxxxiv,  213) describes large 
round  or  polygonal  cells with  intensely stained  nucleus.  The  cells are  not 
granular.  He considers metastasis  to be possible. 
Von Vereb61y (Beitr.  z.  klin.  Chir.,  19o6, xlviii, 614).  Cells round  or poly- 
gonal  with  no  cell membrane  but  a  sharp  outline, occasionally  ragged.  The 
nucleus  is  eccentric.  Cytoplasm is  basophilic with  clear  perinuclear  zone.  The 
nucleus is round or oval with distinct nuclear  membrane and mural  arrangement 
of  chromatin.  Sometimes cells with  two  to  three  nuclei are  found.  The  cells 
resemble plasma cells. 
Menne  (Virch.  Archly.  [.  path.  Anat.,  I9o6, clxxxiii,  115) reports  two  cases. 
In Case I  the cells are  large  and  round.  They have  large  round  or oval nuclei, 
infrequently  eccentric.  Nuclei  show  a  delicate, regular,  chromatin  network  and 
distinct nucleolus.  The cytoplasm is not granular.  In Case II smears were made 
and  stained, but no granules  were  found in the cytoplasm.  No hmmoglobin was 
in these cells.  Menne believes the cells are pseudomyelocytes. 
Verhoeff  (loc.  cir.)  interprets  the  cells in his case, one of those  studied  here, 
as plasma  cells.  All these tumors  were very cellular  and  stroma  was scant. 
These  cases  in  so  far  as  may be  judged  from  their  descriptions 
show a  quite  uniform cell  type,  though there  is  considerable minor 
variations  in  cells  in  the  different  tumors.  For  eight  of  the  cases 
it  is  claimed  by their  reporters  that  the  cells  find  a  close  analogy 
in the plasma  cell.  Of six  it  is  believed  that the  cells  bear  a  close 
relation  to  immature  myelocytes.  In  one,  the  case  of  Sternberg, 
cytoplasmic granulation is described.  In Ribbert's case an  erythro- 
blastic nature  is  claimed.  In some cases no attempt to homologize 
the cells was made.  The question arises,  How far in light of these 
cases can the histogenetic source of the  tumor cells  be  determined ? 
Myelomata develop  in  the  bone  marrow,  presumably  from some 
cell or cell group normally present within  the bone marrow,  if they 
follow  the  laws  which  are  believed  to  govern  tumor  formation  in 
general.  If  this  is  the  case,  then  in  the  bone  marrow  should  be 
found  cells  of  analogous appearance.  Identity of  cell  structure  is 
not to be expected,  for the wide range of possible variation in tumor 
cells  from  their  ancestral  cell  type  is  well  known.  The  problem 
of determining the cell relations of the myeloma cell is  all the more 
difficult because in bone marrow there is such a variety of cell forms. 
A  study of the bone marrow  from a  variety of cases shows that 
but  two  cell  types  have  any very close  resemblance  to  the  cells  of 
these  myelomata.  Both  are  cells  which  have  a  slightly  basophilic 
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a  nucleus,  frequently eccentric in  position,  with  a  distinct  nuclear 
membrane and  fairly constant  nucleolus.  In  the one  the  nucleus 
is  pale  staining  with  fine  chromatin  masses  generally  scattered 
throughout  the  nucleus,  sometimes  clumped  more  or  less  toward 
the  center,  but  without  any  tendency  to  a  mural  arrangement. 
These cells  (Plate XII, Fig.  I7)  belong to the myelocyte series, an 
early stage of development, usually before the specific granulation 
in  the  EhrIich  sense  takes  place,  and  are  numerous  in  all  active 
marrows.  They may be called premyelocytes. 
In  the other  cell  (Plate  XII,  Fig.  I5)  the nucleus  stains  more 
deeply, the chromatin masses are coarser, there is  rarely any cen- 
tral  clumping of  the chromatin but  a  strong tendency to  a  mural 
arrangement  of  chromatin  masses.  A  nucleolus  is  a  more  con- 
stant  feature.  These cells appear  to  be constantly found in bone 
marrow.  They  are  usually  infrequent  and  never  in  large  num- 
bers.  The maximum that I  have ever found are scattered groups 
(Plate XII,  Fig.  I6,  two cells in  focus)  of five or six cells with a 
few single cells  so that  about  every other  field of  a  Zeiss  2  mm. 
objective and 4 ocular would show at least one of these cells.  This 
was  in  cirrhosis  of  liver  (I  case),  staphylococcus  pyemia  (I), 
pernicious  anemia  (I),  pyonephrosis  (I),  organizing  pneumonia 
and  glomerulo-nephritis  (i),  carcinoma of prostate  (i).  I  have 
found them fewer in number, generally singly, in cases of pyelone- 
phritis  (I),  myelogenous leukemia  (i),  tertiary syphilis and acute 
bronchopneumonia (I), arteriosclerosis and heart hypertrophy (I), 
acute bronchopneumonia  (I).  I  have never been able to find any 
evidence of developmental changes in these cells.  Their nature is 
not certain.  They seem to  have no  relation  to  the  formation of 
erythrocytes or  polynuclear  leucocytes.  Of  their  relation  to  the 
lymphocyte series  I  can  give  no  positive  evidence.  They appear 
closely related.  Their closest analogue outside of the bone marrow 
is  the plasma cell  from which they differ in being slightly larger, 
both  ceil'body and nucleus,  in  having a  less homogeneous ground 
glass cytoplasm, in being rather less basophilic,  in having not quite 
so  coarse  chromatin  granules,  but all  these  differences  are  of 
minor degree and  do  not  serve  to  distinguish  sharply  these  cells 
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are  these  slight  differences,  I  prefer  to  speak  of  these  cells  in  the 
bone  marrow as  bone marrow plasma  cells,  and  regard  them as  in 
some way related to the lymphocyte series of cells. 
Which of these  cells  stands  closest to  the  myeloma cell ?  As  is 
evident  from the description of the cells  in the myelomata reported 
by  me  and  by  others,  there  is  considerable  variation  in  the  cell 
picture.  The  features  most  constant  in  the  tumor  cells  are  cyto- 
plasm  finely  granular  or  slightly  vacuolated,  slightly  bhsophilic;  a 
nucleus  eccentric  in  position,  with  a  tendency to  a  mural  arrange- 
ment  of  chromatin  and  a  nucleolus;  the  presence  of  centrosomes. 
There  is  some  variation  in  cell  size,  the  average  of  measurements 
in each case being :; 
Case VI  cell body  8.4x4.2 microns; nucleus 4.2x4.1  microns. 
Case IV sternal  part  "  8.5 x 5.5  "  "  .5.7 x 5.4  " 
Case IV orbital  part  "  9.4 x 7.6  "  "  " 
Case V  "  9.9 x 6.4  ....  6.9 x 5  " 
Case II  "  lO.4 x 6.8  ....  6  x 6  " 
Case III  "  lO.5 x 6.8  ....  7.2 x 6.4  " 
Case  I  "  II.4x7.7  ....  8.I x7.2  " 
To compare with  these  I  have made measurements  of  a  number 
of cells  in  the bone marrow.  The average of these  is: 
For myeIocytes and premyelocytes: 
Case  of pernicious  anemia  cell  body n.sx9.25 mlcrons; nucleus 8  x7.5 microns 
Case of acute bronchopneumonia "  II.8X8.25  "  "  7.2x6.5  " 
Case of cirrhosis  of liver  "  I2.25x9.7  ....  8.5x7.2  " 
For bone marrow  plasma  cells: 
Case of pernicious  anemia  cell body  9.7x7  ....  5.Ix4.6  "' 
Case of acute bronchopneumonia "  8.6x6.6  ....  5.3x5  " 
Case of cirrhosis  of liver  "  9.9x7.5  ....  5.6x4.8  " 
From these measurements it is evident that cell body and nucleus 
of  the  myelocytes are  rather  larger  than  those  of  the  tumor  cells. 
The bone marrow plasma cells  agree in  size with  the cells  of those 
tumors  which  have  the  smaller  sized  cells  (Cases  VI,  IV and  V). 
A  glance at the cell descriptions in these will show that these tumors 
have  cells  which  agree  closely in  structure  with  the  bone  marrow 
plasma  cells.  (Compare  Fig.  15  with  Figs.  9,  I i  and  13.)  The 
other  tumors  have  cells  which  while  retaining  the  characteristics 
' All  these  measurements  were  made  on cells in tissue  hardened  in  Zenker's 
fluid, embedded in paraffin and stained with eosin and methylene blue.  The same 
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in  part of the plasma cells yet show  differences.  Still  these  dif- 
ferences though  in  the  direction  of  the  premyelocyte do  not  give 
a  cell  so  large  as  the  premyelocyte, and  when  compared  side  by 
side the cells appear to be more closely homologous with the bone 
marrow  plasma  cells  than  with  the  premyelocytes.  This  is  cer- 
tainly  true  also  for  the  cells  in  many of  the  tumors  reported by 
others. 
In  other  words  it  seems possible  to  arrange  the  cells  of  these 
tumors  in  series  so that between the cells  of  succeeding cases the 
differences are  slight,  though  the  difference, between  the  cells  at 
the extremes are  fairly great.  (As such a  series take the cells in 
the  following order,  Fig.  3,  7,  II,  5,  9  and  13,  ending with  Fig. 
15 ,  a  bone  marrow  cell.)  The  cells  of  one  tumor  (Case  VI) 
described by me are almost identical in structure with plasma cells 
of the marrow, and those in two others  (Cases IV and V)  are but 
very slightly  different.  The  cells  in  the  other cases  seem to  me 
to present more similarity to the plasma cell than to the myelocyte. 
If  the myelocyte is  assumed to be the ancestral  cell the departure 
from the type is very much greater.  (Compare the premyelocyte in 
Fig.  17  with cells in  the series  given above.)  It  is  probably not 
possible to give any convincing proof of the ancestry of these cells. 
The cases studied side by side and  in  comparison with bone mar- 
row  cells  leave  the  impression  that  we  have  in  these  tumors  a 
development from certain bone marrow cells, which I  have consid- 
ered to  be  bone  marrow  plasma  cells.  Whether  this  is  true  for 
all reported cases is exceedingly difficult to say, especially for those 
cases in which the cells are not described in much detail.  Possibly 
some cases, as that of Sternberg in which neutrophilic granules are 
described, may have to be regarded as an exception. 
Ribbert's  (loc.  cit.)  contention that the case studied by him was 
composed  of  erythroblastic  cells  is  not  supported  by  these  cases. 
The frequent presence in my cases of cells stained with haemoglobin 
and resembling nucleated red blood corpuscles as already described 
suggests  the  possibility  that  a  similar  condition  may  have  been 
present in  Ribbert's  case.  In my cases it  seems very certain that 
these  cells  result  from  a  combination  of  cell  degeneration  and 
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is  by no  means  uncommon, especially in  the  spleen  where  I  have 
observed it many times, and this  fact may be taken as some slight 
further evidence of the plasma cell  nature of the tumor cells. 
There is  nothing in these tumors to suggest any transformation 
of cells  along the line of development from premyelocyte to  poly- 
morphonuclear  leucocyte.  Sternberg  is  the  only  observer  who 
has  succeeded  in  demonstrating neutrophile  granules  in  the  cells 
of  a  myeloma.  This  fact  in  this  single  case  does  not  seem 
sufficient evidence on  which to  base  the  opinion  that  all  myeloma 
cells  are  myelocytes in  some  stage  of  development when  we  con- 
sider the great similal"ity of the cells in very many cases to plasma 
cells.  If  more  cases  like  Sternberg's  are  accumulated,  it  would 
justify a  subdivision  of  myelomata into  (a)  those  with  cells  re- 
sembling  plasma  cells,  and  (b)  those  with  cells  resembling 
myelocytes.  Even then it would still be possible  without claiming 
a histogenetic relation between plasma cell and myelocyte to form a 
tumor group, having the main characteristics already described  for 
the myelomata, in which all cases could be arranged in series with a 
tumor composed of cells  identical with plasma cells  at  one end  of 
the series, and a  tumor with cells  identical with myelocytes at the 
other,  while  between  would  come  cases  whose cells  represented  a 
gradual transition, from one to the other.  Such a group would con- 
tain tumors showing no greater differences than occur in all other 
tumor groups such as sarcomata, carcinomata, etc.  However with 
regard to  the tumors actually studied by me all would be  grouped 
at the plasma cell  end of such a  series. 
SUMMARY. 
A  histological study of  six  cases  of  myeloma shows  a  striking 
similarity of cell structure with differences of minor degree.  The 
common characteristics  of the  cells  are  a  finely granular,  slightly 
basophilic  cytoplasm,  an  eccentrically placed  nucleus,  a  nucleolus, 
centrosomes, a nuclear membrane and a tendency to mural arrange- 
ment  of  the  chromatin.  With  these  characteristics  there  is  a 
greater  resemblance  of  the  tumor  cells  to  bone  marrow  plasma 
cells  than to  myelocytes.  In most of the cases  reported by other 
observers  the  cells  show  these  characteristics  and  these  tumors 
form a  group  within which  the  cells  of  individual cases  show  no 
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DESCRIPTION OF  PLATES  IX-XlI. 
FIG.  I?  Rib  from  Case  I. 
FIGs.  2,  4,  6,  8,  IO,  and  12.  Low power  (425  diameters)  fields  from  the  six 
tumors  to show cellular character  and  scant  stroma. 
Fro.  14.  (425  diameters.)  Fibrous  portion  of tumor  from  Case  V. 
FIGS. 3, 5, 7, 9,  II, and  13.  Cells  (15oo diameters)  from each tumor. 
Fro.  15.  Bone marrow plasma  cell from  a  case of pernicious amemia.  (15oo 
diameters. ) 
FI~.  16.  Group  of  bone  marrow  plasma  cells  from  a  case  of  cirrhosis  of 
the liver.  (15oo diameters.) 
Fit.  17.  Bone  marrow  from  case  of  cirrhosis  of  liver.  Shows  premyelocyte, 
plasma  cell and  eosinophilic myelocyte.  (15oo  diameters.) 
SFor all these photographs  I  am  indebted  to  Mr.  L.  S.  Brown  of the  Massa- 
chusetts  General  Hospital. 